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[57] ABSTRACT 
A method for manufacturing a diffraction grating in 
cludes applying a resist, the developing speed of which 
has an extreme at a certain exposure intensity, to a sub 
strate on which the diffraction grating is to be formed, 
performing interference exposure of the resist with 
maximum and minimum values of exposure intensity 
respectively larger and smaller than the intensity which 
makes the developing speed an extreme, developing the 
resist, and etching the substrate using the remaining 
resist as a mask. 

12 Claims, 8 Drawing Sheets 
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METHOD OF MANUFACTURING A 
DIFFRACI'ION GRATING FOR A 
SEMICONDUCTOR LASER 

FIELD OF THE INVENTION 

The present invention relates to a method for manu 
facturing a diffraction grating and to a single wave 
length oscillating semiconductor laser and, more partic 
ularly, to a method for manufacturing a diffraction 
grating, two different periods formed at the same time 
and to a single wavelength oscillating semiconductor 
laser having high linearity between beam output and 
injected current and a highly stable wavelength oscilla 
tion. 

BACKGROUND OF THE INVENTION 

FIG. 7 is a view showing an interference exposure 
apparatus used for manufacturing a conventional dif 
fraction grating. Referring to FIG. 7, a laser beam 170 
is output from a laser beam source 4. The laser beam 170 
is divided into laser beams 17b and 17c by a half mirror 
5 and the laser beams 17b and 17c are reflected by mir 
rors 6a and 6b, respectively and then applied to a resist 
2 on a substrate 1. 

FIGS. 8(0), 8(1)), 8(4), and 8(e) are cross-sectional 
views showing conventional manufacturing steps of a 
diffraction grating by an interference exposure method 
and FIG. 8(0) is a diagram showing a distribution of 
exposure intensity. 

Next, the conventional manufacturing steps of the 
diffraction grating will be described in reference to 
FIGS. 8(a)-8(e). 

First, referring to FIG. 8(a), a resist 92 is applied to a 
substrate 91. Then, referring to FIG. 8(b), the resist 92 
is exposed by a two-beam interference exposure 
method. Referring to FIG. 8(a), the exposure intensity 
of a laser beam applied to the resist 92 varies periodi 
cally. Then, referring to FIG. 301'), when the exposed 
resist 92 is developed, the resist 92 is patterned and a 
diffraction grating 93a is formed. Thereafter, referring 
to FIG. 8(e), the substrate 91 is etched away using the 
patterned resist 92 as a mask and then a diffraction grat 
ing 93b is formed. 

Then, a principle of the interference exposure method 
used for manufacturing the conventional diffraction 
grating will be described in reference to FIG. 7. 
According to the device shown in FIG. 7, the laser 

beam 170 output from the laser beam source 4 is divided 
into two by the half mirror 5 and re?ected by the mir 
rors 6a and 6b and meet again on the substrate 1. At this 
time, intensity of the beam on the substrate has the 
distribution of a period A because of interference of the 
laser beam. The period A is represented by: 

where A is a wavelength of the laser beam and 0 is the 
incident angle of the laser beam on the substrate. 
The conventional diffraction grating is formed using 

the above principle, in which the resist applied to the 
substrate is exposed with a period A and then the resist 
is developed and then the substrate is etched away using 
the patterned resist as a mask. 
FIG. 9 is a sectional view showing a conventional 

single wavelength semiconductor laser device disclosed 
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2 
in Optics Vol. 15, No 2, pp.ll5-l2l. In FIG. 9, an n 
type InGaAsP guide layer 107, an InGaAsP active 
layer 108 and a p type In? layer 109 are sequentially 
formed on an n type In? substrate 101 in which a dif 
fraction grating 102 having a phase shift region in the 
center thereof is formed. An n side electrode 110 is 
provided on a back surface of the substrate 101 and a p 
side electrode 111 is provided on the p type In? layer 
109. In addition, a nonre?ective coating ?lm 113 is 
provided on each end surface 114 of the laser. 

Next, operation thereof will be described. In the 
semiconductor laser device, electrons in the n type InP 
substrate 101 and holes in the p type In? layer 109 are 
both injected into the InGaAsP active layer 108 and 
then emissive recombination occurs. In a distributed 
feedback (DFB) laser device having the diffraction 
grating 102 having the phase shift region in an active 
region, the light generated by the emissive recombina 
tion is re?ected by the diffraction grating 102 and goes 
and returns in an element, whereby a laser is oscillated. 

Since the diffraction grating 102 effectively reflects a 
beam having a wavelength A where A=2 l’lg?‘A/Il (nejyis 
equivalent refractive index, A is the period of the dif 
fraction grating and n is an integer), the oscillation 
wavelength is the wavelength whose gain is largest in 
the active region among wavelengths represented by 2 
Def)‘ )t/n. As for the oscillation wavelength X, when 
n: l, the diffraction grating is called a primary diffrac 
tion grating and when n=2, the diffraction grating is 
called a secondary diffraction grating. 
According to the single wavelength oscillating semi 

conductor laser device having the structure shown in 
FIG. 9, since the beam is re?ected only by the diffrac 
tion grating 102 in the active region and then confined 
in the element, beam density in the center of the element 
is increased. As a result, the linearity between beam 
output and an injected current and the stability of single 
wavelength oscillation are reduced by hole burning or 
the like. 
As described above, according to the conventional 

method for manufacturing a diffraction grating, it is not 
possible to form a diffraction grating having a period 
which is a half of the wavelength A of the laser beam 
source 4 or less. 

In addition, according to the conventional single 
wavelength oscillating semiconductor laser, the linear 
ity of the beam output relative to injected current and 
stability of the single wavelength oscillation is reduced 
under an in?uence of the hole burning or the like. 

SUMMARY OF THE INVENTION 

The present invention is directed to solving the above 
problems and has for its object providing a method for 
manufacturing a diffraction grating, by which a diffrac 
tion grating with a short period can be formed. 

It is another object of the present invention to pro 
vide a single wavelength oscillating semiconductor 
laser device having high linearity between beam output 
and injected current and stability of single wavelength 
oscillation. 

It is a further object of the present invention to pro 
vide a method for manufacturing a diffraction grating, 
by which diffraction gratings having two different peri 
ods can be formed on the same plane by one interfer 
ence exposure at the same time. 
Other objects and advantages of the present invention 

will become apparent from the detailed description 
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given hereinafter; it should be understood, however, 
that the detailed description and speci?c embodiment 
are given by way of illustration only, since various 
changes and modi?cations within the spirit and scope of 
the invention will become apparent to those skilled in 
the art from this detailed description. 
A method for manufacturing a diffraction grating of 

the present invention comprises the steps of applying a 
resist, which has an extreme developing speed at a cer 
tain exposure intensity, to a substrate on which the 
diffraction grating is to be formed, performing interfer 
ence exposure with a beam intensity in which the maxi 
mum and minimum values of exposure intensity are 
respectively larger and smaller than the intensity that 
produces an extreme developing speed and etching the 
substrate using a pattern, which is obtained by develop 
ing the resist, as a mask. As a result, a diffraction grating 
pattern having a period which is a half of an interfer 
ence fringe obtained by an interference exposure 
method can be provided. 

In addition, according to a single wavelength oscillat 
ing semiconductor laser device of the present invention, 
the order of a diffraction grating in the center of an 
element is higher than that of a diffraction grating in the 
neighborhood of resonator facets. Therefore, beam 
density can be prevented from being increased in the 
center of the element and excellent linearity between 
beam output and injected current and a highly stable 
single wavelength oscillation can be obtained. 

In addition, a method for manufacturing a diffraction 
grating of the present invention comprises the steps of 
applying a resist, which has an extreme developing 
speed at a certain exposure intensity, to a substrate on 
which the diffraction grating is to be formed, partially 
covering the resist with a semi-transparent mask, per 
forming interference exposure with a beam intensity in 
which the maximum and minimum values of exposure 
intensity are respectively larger and smaller than the 
intensity that produces an extreme developing speed in 
either a portion covered with the semi-transparent mask 
or another portion and etching the substrate using a 
pattern, which is obtained by developing the resist, as a 
mask. As a result, two kinds of diffraction gratings 
having different periods can be formed by one interfer 
ence exposure at the same time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a), 1(b), 1(d), and 1(2) are cross-sectional 
views showing manufacturing steps of a diffraction 
grating in accordance with a ?rst embodiment of the 
present invention and FIG. 1(c) is a diagram showing a 
distribution of exposure intensity; 
FIG. 2 is a cross-sectional view showing a single 

wavelength oscillating semiconductor laser device in 
accordance with a second embodiment of the present 
invention; 
FIGS. 3(a), 3(b), and 3(e) are cross-sectional views 

showing manufacturing steps of a diffraction grating in 
accordance with a third embodiment of the present 
invention and FIG. 3(a) is a diagram showing a distribu 
tion of exposure intensity; 
FIG. 4 is a cross-sectional view showing a semicon 

ductor laser having a primary diffraction grating in the 
neighborhood of resonator facets and a secondary dif 
fraction grating in the center of a resonator; 
FIG. 5 is a diagram showing the relation between 

exposure intensity and developing speed of an image 
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4 
reversible resist after it is baked at a temperature of 110° 
to 120° C.; 
FIG. 6 is a diagram showing a distribution of expo 

sure intensity in an interference exposure method; 
FIG. 7 is a view showing an interference exposure 

apparatus; 
FIGS. 8(a), 8(d), and 8(a) are cross-sectional views 

showing manufacturing steps of a diffraction grating by 
a conventional interference exposure method and FIG. 
8(0) is a diagram showing a distribution of exposure 
intensity; and 
FIG. 9 is a sectional view showing a conventional 

single wavelength oscillating semiconductor laser de 
vice. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A method for manufacturing a diffraction grating in 
accordance with the present invention will be described 
in detail hereinafter in reference to the drawings. 
FIGS. 1(a), 1(1)), 1(d) and 1(e) are cross-sectional 

views showing manufacturing steps of a diffraction 
grating in accordance with a ?rst embodiment of the 
present invention and FIG. 1(c) is a diagram showing a 
distribution of exposure intensity In FIG. 1(a), a resist 
12 (image reversible resist), of which developing speed 
has a minimum value in regard to certain exposure in 
tensity, is applied to a substrate 1. 

Next, the manufacturing steps of the diffraction grat 
ing in accordance with this embodiment will be de 
scribed in detail hereinafter. 

First, referring to FIG. 1(a), the resist (image revers 
ible resist) 12, which is baked at a temperature of 1 10° to 
120° C. before exposure so that the developing speed 
may have the minimum value in regard to certain expo 
sure intensity, is applied to the substrate 1 where the 
diffraction grating is to be formed. Then, it is baked at 
a temperature of 110° to l20° C. for ?ve minutes. Then, 
referring to FIG. 1(b), the resist 12 is exposed by a 
two-beam interference exposure method with an expo 
sure intensity which has maximum and minimum values 
on both sides of the intensity, i.e., of higher and lower 
intensity, which makes the developing speed a mini 
mum value. FIG. 1(c) is a diagram showing the distribu 
tion of the beam intensity at this time. Then, referring to 
FIG. 1(d), the resist 12 is developed so that the resist 12 
at portions exposed with the beam intensity which 
makes the developing speed a minimum value are left 
and patterned to form a diffraction grating 23a. Then, 
referring to FIG. 1(e), the substrate 1 is etched away 
with an appropriate etchant such as an HBr/HNO3/ 
H2O solution, an HBr/HNO3/CH2OH solution or a 
Bl'Q/CHZOH solution using the patterned resist 12 as a 
mask to form a diffraction grating 23b. 

Next, operation of the resist (image reversible resist) 
in which the developing speed has a minimum value for 
a certain exposure intensity will be described hereinaf 
ter. 

It is known that when the ‘image reversible resist is 
baked at a temperature of 110' to 120' C. before expo 
sure, the developing speed has the minimum value in 
regard to an exposure intensity of a as shown in FIG. 5 
(referring to “Electron Material”, June, 1986). 

Meanwhile, the exposure intensity by the interference 
exposure method has cyclic distribution as shown in 
FIG. 6. The period of the distribution is A in the above 
equation (1). 
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Therefore, when the resist is exposed so that the 
maximum value of the exposure intensity in the interfer 
ence exposure is more than the point where the devel 
oping speed has the minimum value (a point a in FIG. 
5) and the minimum value of the exposure intensity is 
less than the point a, the resist is developed so that the 
resist at portions exposed with the intensity which 
makes the developing speed a minimum value are left. 
As a result, after etching, it is possible to form a diffrac 
tion grating having a period which is a half of the period 
of an interference fringe obtained by the interference 
exposure method. 
Although a description was given of the resist in 

which developing speed had the minimum value in 
regard to certain exposure intensity in the above em 
bodiment, the same effect can be attained even if the 
resist developing speed has a maximum value for a cer 
tain exposure intensity. 

Next, a single wavelength oscillating semiconductor 
laser device in accordance with the present invention 
will be described in detail in reference to the drawings. 
FIG. 2 is a cross-sectional view showing a single 

wavelength oscillating semiconductor laser device in 
accordance with a second embodiment of the present 
invention. In FIG. 2, an n type InGaAsP guide layer 53, 
an InGaAsP active layer 54 and a p type InP cladding 
layer 55 are sequentially formed on an 11 type In? sub 
strate 51 where a primary diffraction grating 61 and a 
secondary diffraction grating 62 are formed, the latter 
having a phase shift region in the center thereof. An n 
side electrode 59 is provided on a back surface of the 
substrate 51 and a p side electrode 60 is provided on the 
p type InP layer 55. A nonre?ective coating ?lm 58 is 
provided on both facets of laser. 

Next, operation of the single wavelength oscillating 
semiconductor laser in accordance with this embodi 
ment will be described. . 

A beam is more effectively re?ected by a low or~ 
dered diffraction grating. Therefore, as shown in FIG. 
2, when the order of the diffraction grating 62 in the 
center of the element, is higher than that of the diffrac 
tion grating 61 in the neighborhood of resonator facets, 
the re?ection intensity of the beam in the center of the 
element is less than that in the neighborhood of the 
resonator facets. As a result, the beam generated at the 
active layer 54 is not con?ned only to the center of the 
element. Most beams advance to the neighborhood of 
the resonator facets and are re?ected by the diffraction 
grating 61. Therefore, beam density is not high only in 
the center of the element and can be uniform over the 
whole element, with the result that hole burning is not 
likely to occur and then it is possible to provide a single 
wavelength oscillating semiconductor laser device hav 
ing a high linearity between output and injected current 
and high stability in a single wavelength oscillation. In 
addition, the laser beam can be output perpendicular to 
the substrate by the secondary diffraction grating 62 in 
this laser device. 

Meanwhile, according to the conventional method 
for manufacturing the diffraction grating shown in FIG. 
8, since the diffraction grating having the same period is 
formed over the whole surface of the substrate, it is not 
possible to form the semiconductor laser having the 
primary and secondary diffraction gratings shown in 
FIG. 2. 
According to a method for manufacturing a diffrac 

tion grating in accordance with the present invention, 
the diffraction grating having two different periods can 
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6 
be formed on the same plane surface by one interference 
exposure at the same time. 

This method for manufacturing the diffraction grat 
ing in accordance with the third embodiment of the 
present invention will be described hereinafter in refer 
ence to the drawing. 
FIGS. 3(a), 3(b), 3(d), and 3(2) are cross-sectional 

views showing manufacturing steps of a diffraction 
grating in accordance with aathird embodiment of the 
present invention and FIG. 3(c) is a diagram showing a 
distribution of beam intensity. In FIG. 3(b), a resist 
(image reversible resist) 42, of which developing speed 
has a minimum value at a certain exposure intensity, is 
applied to a substrate 31 and then a semi-transparent 
mask 43 is disposed on parts of the resist 42. 
The manufacturing steps of the diffraction grating in 

accordance with the embodiment will be described 
hereinafter. _ 

First, referring to FIG. 3(a), the resist (image revers 
ible resist) 42, which is baked at a temperature of 110° to 
120° C. before exposure so that developing speed may 
have a minimum value for a certain exposure intensity, 
is applied to the substrate 31 where the diffraction grat 
ing is to be formed. Then, it is baked at a temperature of 
110° to 120° C. for five minutes. Then, referring to FIG. 
3(b), the semi-transparent mask 43 is disposed on parts 
of the resist 42. By a two-beam interference exposure 
method, the resist 42 is exposed, with an exposure inten 
sity having maximum and minimum values on both sides 
of the intensity, i.e., of higher and lower intensity, 
which makes the developing speed a minimum value, in 
the portion of the resist 42 which is not covered with 
the semi-transparent mask 43. The resist 42 is exposed 
with an exposure intensity in which the maximum value 
of the exposure intensity is less than the intensity which 
makes the developing speed a minimum value in the 
portion of resist 42 covered with the semi-transparent 
mask 43. FIG. 3(a) is a diagram showing the distribution 
of the beam intensity at this time. Then, referring to 
FIG. 3(a'), the resist 42 is developed so that the resist 42 
at portions exposed with the beam intensity which 
makes the developing speed a minimum value are left 
and patterned to form a diffraction grating 45a. Then, 
referring to FIG. 3(e), the substrate 31 is etched away 
with appropriate etchant such as a HBr/HNO3/H2O 
solution, a HBr/HNO3/CH20H solution or a 
BrZ/CHZOH solution using the patterned resist 42 as a 
mask to form a diffraction grating 45b. 
As described above, when the image reversible resist 

is exposed so that the maximum value of the exposure 
intensity is more than the point where the developing 
speed has a minimum value (a point a in FIG. 5) and the 
minimum value of the exposure intensity is less than the 
point a, the resist is developed so that the resist at por 
tions exposed with the intensity which makes the devel 
oping speed a minimum are left. As a result, after etch 
ing, it is possible to form the diffraction grating having 
a period which is a half of the period of an interference 
fringe obtained by the interference exposure method. 
Meanwhile, when the maximum value of the expo 

sure intensity by the interference exposure is less than 
the point of a or the minimum value of the exposure 
intensity is more than the point of a, the resist has an 
interference fringe with the period of the interference 
exposure. 

Therefore, in a case where a part of the substrate is 
covered with the semi-transparent mask, when the max 
imum value of the exposure intensity in a portion which 



5,238,785 
7 

is not covered with the mask is more than the point of 
a and the minimum value thereof is less than the point 
of a and the maximum value of the exposure intensity in 
a portion covered with the mask is less than the point of 
a, it is possible to form diffraction gratings having peri 
ods of A and A/2 in one interference exposure at the 
same time. 

Next, a description will be given of manufacturing 
steps of a semiconductor laser device shown in FIG. 4, 
which has primary and secondary diffraction gratings 
like the semiconductor laser device shown in FIG. 2 
using the method for manufacturing the diffraction 
grating in accordance with this embodiment. 

Similar to the semiconductor laser shown in FIG. 2, 
the semiconductor laser shown in FIG. 4 comprises 
primary and secondary diffraction gratings 76 and 75 
formed on a substrate 71, in which a phase shift region 
is not formed in the center of the secondary diffraction 
grating 76. Referring to FIG. 4, a p type lnGaAsP 
guide layer 72, an lnGaAsP active layer 73 and an 11 
type InP cladding layer 74 are sequentially formed on a 
p type InP substrate 71 where the primary and second 
ary diffraction gratings 76 and 75 are formed. In addi 
tion, electrodes and coating on facets are not shown. 
The diffraction gratings are manufactured on the p 

type InP substrate 71 instead of the substrate 31 shown 
in FIG. 3 in accordance with a flow shown in FIGS. 
3(a), 3(b), 3(d), and 3(a). More specifically, ?rst, refer 
ring to FIG. 3(a), the resist (image reversible resist), 
which is baked at a temperature of 110° to 120° C. be 
fore exposure so that developing speed may have a 
minimum value at a certain exposure intensity, is ap 
plied to the substrate. Then, it is baked at a temperature 
of 110° to 120° C. Then, referring to FIG. 3(b), the 
substrate is covered at parts by the semi-transparent 
mask 43. The resist is exposed by the interference expo 
sure method with an exposure intensity in which the 
maximum and minimum values of the exposure intensity 
are on both sides of the intensity which makes the de 
veloping speed a in a portion of the resist which is not 
covered with the semi-transparent mask 43 and exposed 
with an exposure intensity in which the maximum value 
of the exposure intensity is less than the intensity which 
makes the developing speed a minimum value in the 
parts covered with the semi-transparent mask 43. The 
width of the semi-transparent mask 43 and the distance 
between them are approximately 300 microns. Thereaf 
ter, the substrate is etched away using appropriate etch 
ant to form the diffraction gratings 75 and 76. Then, the 
lnGaAsP guide layer 72, the lnGaAsP composition 
ratio of which permits the layer to have a band gap 
corresponding wavelength of 1.15 microns, the In 
GaAsP active layer 73, the lnGaAsP composition ratio 
of which permits the layer to have a band gap corre 
sponding wavelength of 1.3 microns, and the n type InP 
clad layer 74 are sequentially formed and then divided 
into chips in the center of the primary diffraction grat 
ing by cleaving. Thus, the DFB laser shown in FIG. 4 
is completed. 
Although the semiconductor laser having no phase 

shift region was described in the above embodiment, 
when a phase shift plate is introduced into the interfer 
ence exposure apparatus, the phase shift region can be 
formed in the center of the element in accordance with 
the manufacturing method of the diffraction gratings in 
accordance with the present invention. As a result, the 
semiconductor laser device shown in FIG. 2 can be 
manufactured. 
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8 
In addition, although the diffraction grating with a 

period of A is formed in a portion covered with the 
semi-transparent mask and a diffraction grating with the 
period of A/2 is formed in a portion not covered with 
the semi-transparent mask in the above embodiment, the 
same effect can be attained even if the whole surface of 
the resist on the substrate is exposed before or after the 
interference exposure so that the maximum value of the 
exposure intensity may be more than the point of a and 
the minimum value thereof may be less than the point of 
a in the portion covered with the semi-transparent mask 
and the minimum value of the exposure intensity may be 
more than the point a in the portion which is not cov 
ered with the mask. 
As described above, according to the present inven 

tion, the method for manufacturing a diffraction grating 
comprises the steps of applying a resist, the developing 
speed of which has an extreme value for a certain expo 
sure intensity, to a substrate where the diffraction grat 
ing is to be formed, performing interference exposure 
with an intensity having the maximum and minimum 
values respectively larger and smaller than the intensity 
which makes the developing speed an extreme value 
and etching the substrate using a pattern, which is ob 
tained by developing the resist, as a mask. Thus, a dif 
fraction grating pattern having, a period which is a half 
of an interference fringe period in an interference expo 
sure method can be formed. 

In addition, according to the present invention, since 
the order of the diffraction grating in the center is 
higher than that of the diffraction grating in the neigh 
borhood of resonator facets in a semiconductor laser 
device having the diffraction grating in an active re 
gion, beam density is prevented from being increased in 
the center of the element and very high linearity be 
tween the beam output and injected current and high 
stability of single wavelength oscillation can be ob 
tained. 

In addition, according to the present invention, the 
method for manufacturing the diffraction gratings com 
prises the steps of applying a resist, the developing 
speed of which has an extreme value at a certain expo 
sure intensity, to a substrate where the diffraction grat 
ing is to be formed, partially covering the resist with a 
semi-transparent mask, performing an interference ex 
posure with maximum and minimum values of exposure 
intensity are respectively larger and smaller than the 
intensity which makes the developing sped an extreme 
value in either a portion covered with the semi-trans 
parent mask or another portion and etching the sub 
strate using a pattern, which is obtained by developing 
the resist, as a mask. As a result, two diffraction gratings 
having two different periods are formed simultaneously 
by one interference exposure and semiconductor laser 
having the primary and secondary diffraction gratings 
can be easily formed. 
Although the present invention has been described 

and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 
What is claimed is: 
1. A method of manufacturing a diffraction grating 

comprising: 
applying to a substrate in which a diffraction grating 

is to be formed a ?lm of a light-sensitive resist 
having a developing rate that varies with the inten 
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sity of light to which the resist is exposed, the resist 
exhibiting a minimum developing rate upon expo 
sure to a ?rst intensity of light and higher develop 
ing rates upon exposure to light intensities exceed 
ing and less than the ?rst intensity; 5 

exposing the resist ?lm to light incident on the ?lm in 
a pattern of interference fringes having a period, 
the pattern including light intensities exceeding and 
less than the ?rst intensity; 

developing the resist ?lm; and 
etching the substrate using the developed resist ?lm 

as a mask to produce a diffraction grating having a 
period smaller than the period of the pattern of 
interference fringes. 

2. The method of claim 1 including exposing the resist 
?lm to the pattern of interference fringes including light 
intensities exceeding, equal to, and less than the ?rst 
intensity, developing the resist ?lm, and etching the 
substrate so that the period of the diffraction grating is 
one—half the period of the pattern of interference 
fringes. 

20 

3. The method of claim 1 including exposing the resist 
?lm to the pattern of interference fringes including light 
intensities exceeding, equal to, and less than the ?rst 
intensity and developing the resist ?lm so that portions 
of the resist ?lm exposed to light having an intensity 
other than the ?rst intensity are removed from the sub 
strate. 

25 

4. A method of manufacturing a diffraction grating 
30 

applying to a substrate in which a diffraction grating 
is to be formed a ?lm of a light-sensitive resist 
having a developing rate that varies with the inten 
sity of light to which the resist is exposed, the resist 
exhibiting a maximum developing rate upon expo 
sure to a ?rst intensity of light and lower develop 
ing rates upon exposure to light intensities exceed 
ing and less than the ?rst intensity; 

exposing the resist ?lm to light incident on the ?lm in 
a pattern of interference fringes having a period, 
the pattern including light intensities exceeding, 
equal to, and less than the ?rst intensity; 

developing the resist ?lm; and 
etching the substrate using the developed resist ?lm 

as a mask to produce a diffraction grating having a 45 
period smaller than the period of the pattern of 
interference fringes. 

5. The method of claim 4 including exposing the resist 

35 

?lm to the pattern of interference fringes including light 
intensities exceeding, equal to, and less than the ?rst 
intensity, developing the resist ?lm, and etching the 
substrate so that the period of the diffraction grating is 
one-half the period of the pattern of interference 
fringes. 

50 

6. The method of claim 4 including exposing the resist 55 
?lm to the pattern of interference fringes including light 
intensities exceeding, equal to, and less than the ?rst 
intensity and developing the resist ?lm so that portions 
of the resist ?lm exposed to light having an intensity 
other than the ?rst intensity remain in place on the 
substrate. 
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7. A method of manufacturing a diffraction grating 
comprising: 

applying to a substrate in which a diffraction grating 
is to be formed a ?lm of a light-sensitive resist 
having a developing rate that varies with the inten 
sity of light to which the resist is exposed, the resist 
exhibiting a minimum developing rate upon expo 
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sure to a ?rst intensity of light and higher develop 
ing rates upon exposure to light intensities exceed 
ing and less than the ?rst intensity; 

covering at least one part of the resist ?lm with a 
semi-transparent mask that attenuates incident 
light, leaving at least one part of the resist ?lm 
uncovered; _ 

exposing the resist ?lm to light incident on the ?lm in 
a pattern of interference fringes having a period, 
the pattern incident on the part of the resist ?lm not 
covered by the semi-transparent mask having light 
intensities exceeding, equal to, and less than the 
?rst intensity; 

removing the semi-transparent mask; 
developing the resist ?lm; and 
etching the substrate using the developed resist ?lm 

as a mask to produce a diffraction grating including 
at least one part having a period smaller than the 
period of the pattern of interference fringes and at 
least one part having a period substantially the 
same as the period of the pattern of the interference 
fringes. ‘ 

8. The method of claim 7 including exposing the part 
of the resist ?lm not covered with the semi-transparent 
mask with the pattern of interference fringes including 
light intensities exceeding, equal to, and less than the 
?rst intensity, developing the resist ?lm, and etching the 
substrate so that the period of the part of the diffraction 
grating having a period smaller than the period of the 
pattern of interference fringes is one-half the period of 
the pattern of interference fringes. 

9. The method of claim 7 including exposing the resist 
?lm to the pattern of interference fringes including light 
intensities exceeding, equal to, and less than the ?rst 
intensity and developing the resist ?lm so that portions 
of the resist ?lm exposed to light having an intensity 
other than the ?rst intensity and removed from the 
substrate. 

10. A method of manufacturing a diffraction grating 
comprising: 

applying to a substrate in which a diffraction grating 
is to be formed a film of a light-sensitive resist 
having a developing rate that varies with the inten 
sity of light to which the resist is exposed, the resist 
exhibiting a minimum developing rate upon expo 
sure to a ?rst intensity of light and lower develop 
ing rates upon exposure to light intensities exceed 
ing and less than the ?rst intensity; 

covering at least one part of the resist ?lm with a 
semi-transparent mask that attenuates incident 
light, leaving at least one part of the resist ?lm 
uncovered; 

exposing the resist ?lm to light incident on the ?lm in 
a pattern of interference fringes having a period, 
the pattern incident on the part of the resist ?lm not 
covered by the semi-transparent mask having light 
intensities exceeding, equal to, and less than the 
?rst intensity; _ 

removing the semi-transparent mask; 
developing the resist ?lm; and 
etching the substrate using the developed resist ?lm 

as a mask to produce a diffraction grating including 
at least one part having a period smaller than the 
period of the pattern of interference fringes and at 
least one part having a period substantially the 
same as the period of the pattern of the interference 
fringes. 
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11. The method of claim 10 including exposing the 

part of the resist ?lm not covered with the semi-trans 

parent mask with the pattern of interference fringes 

including light intensities exceeding, equal to, and less 
than the ?rst intensity, developing the resist ?lm, and 

etching the substrate so that the period of the part of the 

diffraction grating having a period smaller than the 
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period of the pattern of interference fringes is one-half 
the period of the pattern of interference fringes. 

12. The method of claim 10 including exposing the 
resist ?lm to the pattern of interference fringes includ 
ing light intensities exceeding, equal to, and less than the 
?rst intensity and developing the resist ?lm so that 
portions of the resist ?lm exposed to light having an 
intensity other than the ?rst intensity remain in place on 
the substrate. 

i i i $ t 
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